Highly graphitic carbon nanocoils (GCNC) were synthesized through the catalytic graphitization of carbon microspheres obtained by the hydrothermal carbonization of different saccharides (sucrose, glucose and starch) and were used as a support for Pt nanoparticles. The Pt nanoparticles were deposited by means of a polymer mediatedpolyol method. The Pt catalysts were characterized both physically (XRD, TEM, HRTEM and XPS) and electrochemically (electrooxidation of methanol in an acid medium). The electrocatalysts thus prepared show a high dispersion of Pt nanoparticles, with diameters in the 3.0-3.3 nm range and a very narrow particle size distribution.
Introduction
Polymer electrolyte and direct methanol fuel cells (PEMFC and DMFC) are very promising candidates for vehicle and other portable applications due to their quick startup, compactness and light weight, high power density and simplicity. However, the main barriers for the commercial utilization of these devices are the high cost and short durability of the catalyst (Pt), which is used to initiate the reactions both in the anode and cathode. Intensive research is being conducted to develop a suitable carbon support, which can provide high dispersions of Pt nanoparticles and a good stability against corrosion (oxidation). The combination of both of these properties is important because such a catalytic system would ensure a high catalytic activity and durability. Carbon blacks are widely used as supports for Pt particles in fuel cells because they offer a combination of good electrical conductivity, high specific surface area and low cost.
However, graphitic carbon nanostructures such as nanotubes, nanofibers, nanocoils or nanocapsules have proved to be even more efficient as electrocatalyst supports [1] [2] [3] [4] . This is because these nanostructures combine good electrical conductivity with an accessible surface area, as a result of which the three-phase boundary (catalystelectrolyte-reactive) is maximized. In contrast, carbon blacks possess a high proportion of micropores (< 2 nm), which results in a low catalyst utilization as the mass transport is much slower in such micropores [5] . In addition, the smallest pores are not accessible to catalyst deposition, which may lead to particle agglomeration.
As already mentioned, it is important that the supports possess a high resistance to corrosion. Carbon oxidation is a significant drawback that diminishes electrocatalytic activity due to the rapid loss of active surface area [6] and changes to the pore morphology and pore surface characteristics [7] . One possible solution to this problem is to use graphitic carbon materials that exhibit greater resistance to oxidation than carbon blacks [8] [9] [10] . There are many studies on the utilization of carbon nanotubes and other nanostructures (i. e. nanofibers) as supports for electrocatalysts. However, the synthesis methods employed to fabricate this materials are "complex". Nowadays, there is a growing interest for "simple" synthetic strategies to obtain graphitic carbon nanostructures for use as electrocatalyst supports. In this sense, our group has undertaken a systematic investigation of different synthetic routes to produce, through catalytic graphitization, graphitic carbon nanostructures from a variety of precursors.
We have prepared GCNs by using a cost-effective and widely available lignocellulosic material (sawdust) as precursor [11] . Likewise, we have analyzed the use of commercially available iron or cobalt organic salts (i. e. Fe (II) gluconate and Co (II) gluconate) as precursors [12] . A large number of research groups have demonstrated that the hydrothermal carbonization of saccharides constitutes a facile way to prepare carbonaceous microspheres with a high density of oxygen functional groups, which are useful in numerous applications and also as precursor for the synthesis of nanostructured inorganic materials [13, 14] . Bearing in mind the high density of oxygen functionalities we believe that these carbonaceous microspheres may constitute an excellent precursor for producing graphitic carbon nanostructures through the catalytic graphitization of metal impregnated samples. The results obtained so far have confirmed this hypothesis and have shown that graphitic nanostructures synthesised in this way have an exclusively nanocoil morphology [15] . This procedure constitutes a facile and novel synthetic route to produce graphitic carbon nanocoils, which could be produced on a large scale. Considering the structural properties of graphitic carbon nanocoils that are synthesized in this way (i. e. high graphitic order, absence of framework-confined pores and high external surface area), it is clear that that this material could be an excellent electrocatalyst support. Accordingly, in the present work, we investigate the electrocatalytic performance of Pt nanoparticles supported on these graphitic carbon nanocoils (GCNC).
Experimental

Materials
The materials used were: hexachloroplatinic acid (H 2 PtCl 6 ·H 2 O, ca. 40% Pt, Aldrich), sulfuric acid 96% (Suprapur, Merck), methanol 99.8% (for chromatography, 
Preparation of Pt/GCNC electrocatalysts and electrochemical measurements
Platinum catalysts were synthesized using the polymer-mediated polyol method [16] . Ethylene glycol was used as both the reducing agent and the solvent, and poly(vinylpyrrolidone), PVP, was used as polymer to prevent particle agglomeration.
Briefly, the carbon support was dispersed in ethylene glycol and mixed with PVP The CV experiments were performed on a EG&G Potentiostat Galvanostat Mod. 263A. show that the nanosized catalyst is highly dispersed over the carbon support. This is exemplified by the TEM image in Figure 2a for the Pt/NCS catalytic system. A high dispersion of quasi-spherical Pt nanoparticles has been achieved in all the cases, confirming that PVP prevents the particles from agglomerating. As previously mentioned, this high dispersion is also due to the structure of the support. Surprisingly, although these supports possess a surface area of 114-134 m 2 ·g -1 , which is half the Vulcan surface area (270 m 2 ·g -1 ), a good dispersion has been achieved without the need for a functionalization step. This indicates that the GCNC contain abundant anchor sites for securing the Pt nanoparticles (π-sites and defects). This catalyst deposition method also allows a relatively narrow particle size distribution, as evidenced by the size histogram represented in Figure 2b . The mean Pt nanoparticle size is 3.0, 3.2 and 3.3 nm for NCG, NCA and NCS respectively, the standard deviation being 0.5 nm for NCG and 0.7 nm for NCA y NCS (see Table 1 ).
Characterization
Results and discussion
Physicochemical properties of Pt nanoparticles supported on the GCNs
A typical Pt/GCNC XRD pattern is shown in Figure 2c Figure 2b and Table 1 ).
The oxidation state of the deposited Pt nanoparticles was investigated by means of XPS spectroscopy. A representative Pt 4f core level spectrum for the Pt/NCG sample is shown in Figure 2d Table 1 ). In Figure 3 the weight loss curves obtained for Pt/NCG and Pt/Vulcan during heating under air were compared. The weight loss profiles for Pt/NCS and Pt/NCA are similar to the one in Pt/NCG. It can also be seen that the oxidation of the carbon present in the Pt/NCG sample takes place at a temperature substantially higher (~100ºC) than that of Pt/Vulcan. This is of some importance because it indicates that the electrocatalysts based on GCNC have a greater stability against oxidation than the traditional electrocatalysts based on carbon blacks. What is more, this finding suggests that these electrocatalytic systems will have, under an oxidative environment (typical of fuel cells electrodes), a longer durability compared to Pt/Vulcan samples [17] . The superior resistance against corrosion observed for the GCNC is a consequence of their high crystallinity.
Electrochemical characterization of Pt nanoparticles supported on the GCNs
The electroactive Pt surface area (ESA) was measured by cyclic voltammetry (CV) q is the charge for a monolayer of one electron adsorption-desorption process on Pt equal to 0.210 mC·cm -2 [16, 18] .
The Pt/GCNC catalysts possess an ESA value in the 67.2-85.0 m 2 ·g -1 Pt range (see Table 1 ). Only Pt/NCS has an ESA lower than Pt/Vulcan (73.6 m 2 ·g -1 Pt). However, the utilization of Pt (assuming that the Pt particles are spherical and applying the diameter estimated by TEM) is higher in all the Pt/GCNC (79-94%) than in Pt/Vulcan (68%).
This indicates that the Pt particles are more accessible in the case of Pt/GCNC. This is due to the fact that the GCNC do not possess any framework-confined porosity [15] , so their entire surface area is external and therefore of easy access. We recently obtained similar results for catalysts made up of Pt nanoparticles deposited on carbon nanostructures obtained from pine sawdust [11] and Fe (II) and Co (II) gluconates [12] .
The efficiency of the supported Pt catalysts as anodic materials in DMFC was examined by means of cyclic voltammetry experiments. Figure 3b Therefore, the overpotential for methanol oxidation is slightly higher in the case of Pt/GCNC than for Pt/Vulcan. However, the potential of methanol oxidation for Pt/GCNs are lower than that of other catalysts supported over carbon materials [19] [20] [21] .
In the cathodic sweep, another oxidation peak due to methanol re-oxidation was be seen in reference [11] ). It is well documented that electrocatalytic activity, as well as the poisoning of the Pt surface, will depend on the crystallographic structure of the Pt microcrystallites deposited on the supports [25] [26] [27] [28] .
Conclusions
Pt nanoparticles in the 3-3.3 nm range were highly dispersed over graphitic carbon nanocoils synthesized by catalytic graphitization of carbon spherules obtained from the hydrothermal carbonization of sucrose, glucose and starch. 
